The purpose of this study was to develop and apply a knowledge value chain (KVC) model. The model is based on Drucker's next society, Porter's value chain, Nonaka's spiral of knowledge, Kaplan and Norton's balanced scorecard, Gardner's multiple intelligences, and Pareto's 80/20 rule. An optimization technique is included in the model to identify the nodes (individual employees or groups of employees) of the critical value chain (CVC) and optimum value chain (OVC). We applied the KVC model when analyzing employee value contributions at K Company in Taiwan. The results of our application of the KVC model offered three key findings. First, the strengths and weaknesses of each employee's core competency were examined. Second, the critical nodes (winners' nodes or those of high-performance employees) for each goal were detected, and the selected critical nodes were gathered together to share their best practices. Third, optimum goals to reach the maximum value contribution to K Company were calculated.
Introduction
In 1996, OECD reported that the knowledgebased economy would change the activities of the global economy (OECD, 1996) . Knowledge has become main driving force for production and economic growth. The World Bank (1999) also indicated that economic growth in the Knowledge Economy Era is based on not only human capital accumulation and core capability applications, but also on the acquisition and utilization of information and knowledge.
In recent years, much interdisciplinary research such as biochemical science, biotechnology, nanotechnology, information technology, and wireless communication technology has resulted in a great revolution of human life. Peter Ducker (2002) , the most influential and widely read thinker and writer on future organizations, indicated that singlediscipline technology will die out in the next society. He also pointed out that everybody has the same opportunity to acquire knowledge as a new production tool in knowledge society.
The purpose of this study was to develop an interdisciplinary model, a Knowledge Value Chain (KVC) model, to monitor and evaluate the contributions of knowledge activities. We applied the KVC model to examine the strengths and weaknesses of individual employee core competency, to identify the critical knowledge workers, and to calculate their maximum value contribution.
Literature Review
The KVC model is based on Drucker's next society, Porter's value chain, Nonaka's spiral of knowledge, Kaplan and Norton's balanced scorecard, Gardner's multiple intelligences, and Pareto's 80/20 rule. In addition, optimization technique is included to identify the nodes of the critical value chain and the optimum value chain.
Next Society
The next society will be a knowledge society (Drucker, 2002) . Knowledge will be the key resource, and knowledge workers will be the dominant group in its workforce. Three main characteristics in the knowledge society are: 1. Borderlessness, because knowledge travels even more effortlessly than money. 2. Upward mobility, available to everyone through easily acquired formal education. 3. The potential for failure as well as success.
Anyone can acquire the "means of production", the knowledge required for the job, but not everyone can win. Information technology, although only one of many new features of the coming society, is already having a major impact: it is allowing knowledge to spread near-instantly and to be accessible to everyone by intranet, extranet, and the Internet. The knowledge economy will rely heavily on knowledge workers. Innovation, expertise, and experience will be the critical success factors in the new era.
Value Chain
The value system and value chain were proposed by Michael Porter (1985) . Value is the amount buyers are willing to pay for what an enterprise provides them. Value can be measured by total revenue as a result of the price and the units an enterprise can sell. The value system is the result of value-added activities from suppliers, operations firms, sales channels, and buyers. The competitive advantages of value systems can be achieved by reducing cost or personalizing customer service.
The value chain displays the total value, which consists of value activities and margin. Margin is defined as total revenue minus total cost. Value activities include two main parts: primary activities and support activities. Primary activities include inbound logistics, operations, outbound logistics, marketing and sales, and service. Support activities include firm infrastructure, human-resource management, technology development, and procurement. Nonaka (1991) proposed the concept of tacit knowledge and explicit knowledge, and then presented the "Spiral of Knowledge." (Nonaka and Takeuchi, 1995) According to Nonaka, explicit knowledge is knowledge that is easily expressed, captured, stored, and reused. On the contrary, tacit knowledge is "... highly personal. It is hard to formalize and therefore difficult to communicate to others.... tacit knowledge consists partly of technical skills [and partly] of mental models, beliefs, and perspectives so ingrained that we take them for granted and cannot easily articulate them." (Nonaka, 1991) The spiral of knowledge is an influential concept in the knowledge management field. This perspective illustrates four processes for creating knowledge value through interactions between tacit to tacit, tacit to explicit, explicit to explicit, and explicit to tacit knowledge. The four interaction processes are:
Spiral of Knowledge
1. Socialization 2. Externalization 3. Combination 4. Internalization
Balanced Scorecard
The balanced scorecard (BSC) was developed by Robert Kaplan and David Norton after an extensive 1991 research project. The balanced scorecard approach began with an organization that could not be managed with financial measures because they showed the results of past events that were not helpful for enhancing the creation or innovation of future goals. The objective of Kaplan and Norton's study, "Measuring Performance in the Organization of the Future," was to find a new performance measurement system that goes beyond conventional accounting and is based on organizational strategy (Kaplan and Norton, 1996) .
The basic idea of the BSC is to focus the organization on strategic metrics that matter. The research is considered balanced because performance measures are grouped into various perspectives (typically four) critical for organizational success. The meaning of "balance" proposed by Kaplan and Norton is four-fold: the balance of (1) short-term and longterm goals, (2) financial and non-financial measures, (3) lagging and leading indicators, and (4) external and internal performance. The four new emerging needs of the BSC are: 1. Financial 2. Customer 3. Internal business process 4. Learning and growth
Multiple Intelligences
The theory of multiple intelligences (MI theory), first proposed by Howard Gardner (1983) , provides a useful perspective on these issues by distinguishing between seven dimensions of human intellectual functioning. Gardner (1995) proposed an eighth intelligence, "naturalist" intelligence in 1995. Gardner defines intelligence as "the ability to solve problems, or create products, that are valued within one or more cultural settings." Gardner's MI theory challenges the traditional view of intelligence as a unitary capacity that can be adequately measured by IQ tests. (Gardner, 1983) The eight intelligences defined by Gardner (1995) Gardner's MI theory offers a framework for understanding cognitive diversity in school. He suggests that every child has the potential for these eight intelligences, and parents and teachers are the key people to open or close these intelligences.
The 80/20 Rule
The 80/20 rule was discovered by Italian economist Vilfredo Pareto (1848 Pareto ( -1923 in 1897 (Pareto, 1897) . This discovery has been called by many names, including the Pareto Principle, the Pareto Law, the 80/20 rule, the Principle of Least Effort, and the Principle of Imbalance. "The 80/20 Principle: The Secret of Achieving More with Less" (Koch, 1998) describes applications of the 80/20 rule in the new economy. The 80/20 Principle asserts that a minority of causes, input, or effort usually leads to a majority of results, output, or rewards (Koch, 1998 
Optimization Theory
Optimization is the process of maximizing or minimizing an objective function while satisfying the prevailing constraints.
There are three basic elements to an optimization problem: 1. Objective function: a function that describes the considered question. 2. Unknowns or variables: independent variables that affect the results of an objective function. 3. Constraints: for single-variable or multivariable problems, some limiting conditions often exist. These limits can be described as equality constraints or inequality constraints (Belegundu and Chandrupatla, 1999) . Many industries use linear programming as a standard tool to make an optimal decision. Examples of important application areas include airline crew scheduling, shipping or telecommunications networks, oil refining and blending, and stock and portfolio selection.
Knowledge Value Chain (KVC) Model
The KVC is an integrated concept that combines Drucker's next society (Drucker, 2002 ), Porter's value chain (Porter, 1985 ), Nonaka's spiral of knowledge (Nonaka, 1991; Nonaka et al. 1998 ), Kaplan and Norton's balanced scorecard (Kaplan and Norton, 1996) and Gardner's multiple intelligences (Gardner, 1983 (Gardner, & 1995 . The KVC model consists of three parts: input knowledge, knowledge activities, and output values. Input knowledge for the KVC model is based on the development of the knowledge economy and Drucker's next society. The second part, knowledge activities, is derived from Porter's value chain and Nonaka's spiral of knowledge. The last part, output values (goals), is integrated from Kaplan and Norton's balanced scorecard and Gardner's multiple intelligences. Figure 1 shows the three parts of the KVC model and the theories they are based on. 
Input Knowledge
According to Peter Drucker's Next Society (Drucker, 2002) , future companies will be dominated by knowledge workers. In the next society, information and knowledge will be easily acquired because of the infrastructure of intranets, extranets, and the Internet. Knowledge flow from intranets, extranets, and the Internet will converge toward the enterprise information portal (EIP). Knowledge flow may also come from non-information-technology channels, such as tacit knowledge and explicit knowledge. All knowledge will be integrated into knowledge repositories.
The first part of the KVC model, input knowledge, is illustrated in Figure 2 .
Figure 2 Input knowledge of KVC model

Knowledge Activities
Michael Porter (1985) proposed that a value chain is made up of primary activities and support activities. Financial margin and business value can be achieved with value-added activities. This concept extends from Porter's value chain to Nonaka's spiral of knowledge.
The spiral of knowledge (Nonaka, 1991 ) posits four interaction processes-socialization, externalization, combination, and internalization-that transfer individual employee knowledge to company knowledge. Knowledge value can be increased and integrated by these four value-added processes.
The second part of the KVC model, knowledge activities, combines the applications of Porter's value chain and Nonaka's spiral of knowledge ( Figure 3 ). 
Output Values
The Balanced Scorecard (BSC) lists four important balance perspectives-financial, customer, internal business process and learning and growth-instead of a single accounting criterion to manage the performance of a company (Kaplan and Norton, 1996) . Gardner (1983 &1995) also emphasized that a single IQ test should not be used to identify the intelligences or abilities of all individuals, and he proposed the theory of multiple intelligences (MI theory) to distinguish between eight dimensions of human intellectual functioning: linguistic, logical-mathematical, musical, spatial, bodilykinesthetic, interpersonal, intrapersonal, and naturalist.
We propose that the output values (goals) of knowledge activities should be diversified (Figure 4 , right side, V 1 -V n ). Multiple values (goals) of knowledge contribution should be selected; thus, the strengths and weaknesses of the employees' competitive advantages can be identified by the KVC model.
Figure 4 Output values of KVC model
The KVC model ( Figure 5 ) is a new integrated model that includes input knowledge, knowledge activities, and output values. Multi-channel input knowledge will converge into knowledge repositories. The four interaction processes based on the spiral of knowledge are the core valueadded activities. The diversified output values (goals) based on the balanced scorecard and multiple intelligences are keys to delivering the critical value chain and the optimum value chain.
Figure 5 Knowledge Value Chain (KVC) model
The KVC model shown in Figure 5 also indicates that the knowledge value-added process makes not only a one-way contribution, but also a two-way contribution: forward and backflow. For example, the value-added processes from knowledge activities not only contributes forward to the next stage, output values, but also backflow to the previous stage, input knowledge. Similarly, the results from the output-value stage can also make contributions to the previous stage, knowledge activities, and even to an earlier stage, input knowledge.
The Critical Value Chain (CVC) and the Optimum Value Chain (OVC)
The CVC and OVC are two key applications of the KVC model. Our study defines "node (or nodes) of the value chain" as an individual (or a group) who contributes the knowledge values. Two hypotheses are considered before the should have corresponding nodes on the value chain. 2. Knowledge can be accumulated and valueadded progressively by interaction of the above nodes.
The following demonstration offers support for the first hypothesis. Assume that N represents the node of value contribution, and V is the quantifiable value of that knowledge contribution. There are three basic types of relations between N and V.
Type 1 -Single value node: each individual node, N i (i=1, m), makes one and only one value contribution, V i (i=1, m). Thus, for every known V i (i=1, m), the corresponding node, N i (i=1, m) can be definitively identified ( Figure 6 ).
Figure 6 Single value node
Type 2 -Multi-value node: a single node, N, may make multiple contributions, V i (i=1, m). Therefore, for a group of known V i (i=1, m), the corresponding contribution may be from a single node N (Figure 7 ).
Figure 7 Multi-value node
Type 3 -Collaborative value nodes: a group of nodes, totally called Ni (i=1, m), will team up with others to accomplish a project or single value contribution, V. Consequently, for a known value contribution, V, the collaborative nodes, N 1 to N m , should be detected simultaneously (Figure 8 ).
Figure 8 Collaborative value nodes
Multi-nodes creating multi-values can be seen as a mixed type of multi-value node (Type 2) and as collaborative value nodes (Type 3). Therefore, we conclude that for any type of relationship between a node, N, and a value, V, every corresponding node or nodes should exist while knowledge contributions are being made.
For the second hypothesis, the four interaction processes based on the spiral of knowledge clearly depict how and why knowledge can be accumulated and value can be added by interaction of the nodes.
Simplified KVC Unit
The KVC model ( Figure 5 ) can be simplified to a KVC Unit (Figure 9 ). The simplified KVC Unit is a basic element for building the CVC and OVC. By combining the theories of the KVC model based on Drucker's next society, Porter's value chain, Nonaka's spiral of knowledge, Kaplan and Norton's balanced scorecard and Gardner's multiple intelligences with Pareto's 80/20 rule and optimization theory, the CVC, and the OVC are derived (Figure 10 ). Single value node numerical phase. The purposes of the numerical phase are to identify the critical nodes of the value chain by the CVC process, and to determine the maximum business value and optimum combinations for each goal by the OVC process. The identified critical nodes of the value chain and the optimum combinations of each value provide helpful strategies for knowledge activities in the next business phase. The CVC and OVC processes will be discussed presently. In Figure 10 , where K i = input knowledge V j = output values from knowledge activities Vc k = critical values from CVC process Vc total = total critical values from knowledge activities ∆V j = differences of values from knowledge activities Vo j = optimum value variables from OVC process Vo max = maximum value from knowledge activities KA = knowledge activities CVC = critical value chain process OVC = optimum value chain process
The Critical Value Chain (CVC)
Among a group of knowledge workers, it may occur that only a few of them are responsible for contributing most of the knowledge values. The phenomenon of value contribution is defined as a critical value chain. If an enterprise could indicate where the critical nodes were, most of the performance would be effectively achieved.
The steps for detecting the critical nodes of a an unusual 80/20 pattern, and there will be no critical nodes for the value chain.
The Optimum Value Chain (OVC)
The OVC is defined as the optimum combinations of multiple values (goals) to achieve a maximum number of business goals. When the diversified goals are set, the objective function can be determined by giving weighting coefficients for each goal. If constraints are also defined, an optimization technique can be used to solve the optimization problem of calculating the maximum value and which combinations of variables are optimum. 
Application and Discussion -Case Study
Background K Company has been a leading international designer and manufacturer of musical instruments for more than 70 years and has about 4,000 employees around the world. Some of its products rank among the top 10 in the world. K Company is aware that the more knowledge and experience they have, the greater their competitive advantage will be. To increase their competitive advantage and business success, they began a knowledge management project in August 2002.
Six months after implementing the project, our KVC model was applied to evaluate the strengths and weaknesses of their knowledge workers, to determine the critical value chain, and to calculate the optimum value chain. The project has three core activities: 1. Acquisition and sharing of knowledge, such as document management. 2. Interaction and innovation of knowledge, such as communities of practice. 3. Learning and dissemination of knowledge, such as best practices of experts.
Multiple Goals
Multiple goals had to be identified before implementing the KVC model. Five goals were selected: financial profitability, customer satisfaction, business process improvement, learning and growth, and innovation encouragement. For each goal, indicators of information technology (IT) performance and work performance were set up. There were about 10 IT indicators and 10 work indicators in each goal, and 5-point criteria were defined in every indicator. K Company could, therefore, evaluate the goal achievement of its knowledge workers every quarter by using the 5-point criteria in every indicator.
The Knowledge Value Chain (KVC) Model
Knowledge repositories, one of the resources of input knowledge, are integrated into the EIP. The input knowledge of K Company includes a marketing repository, manufacturing repository, R&D repository, quality control repository, management repository, finance repository, and music repository. Explicit knowledge from the intranet, extranet, and Internet would also converge toward the EIP. Tacit knowledge from employees or experts, however, should be captured by communities of practice or other interaction activities.
The main knowledge activities are the acquisition and sharing of documents, interaction and innovation of communities, and learning and dissemination of best practices. Value contributions were evaluated by pre-identified indicators. The knowledge workers' performances were evaluated from both the knowledge management system (KMS) and by their line managers.
The output goals had to be diversified. Multiple value contributions were defined by combining the BSC's four perspectives with an additional innovation goal. K Company selected financial profitability, customer satisfaction, business process improvement, learning and growth, and innovation encouragement in their KVC model. The purposes of the KVC model were to evaluate the strengths and weaknesses of knowledge workers, to identify the critical nodes of the value chain, and to find the optimum value chain. Figure 11 shows K Company's KVC model. 
Results and Discussion
Although value contributions of IT performance were recorded daily, the evaluation reports of knowledge value were announced only quarterly. The quarterly report addressed the strengths and weaknesses of each department and individual employee. This report also identified critical nodes (winner's nodes or highperformance employees) for each goal. Furthermore, an optimum combination of the goals to reach maximum values was also calculated.
The number of knowledge workers participating in the KVC model was 275, and the first evaluation period was from April 1, 2003 , to June 30, 2003 . The application results of the KVC model offered three key findings. First, the strengths and weaknesses of individual employee core competencies were examined. Second, the critical nodes (winner's nodes or highperformance employees) for each goal were detected, and the selected critical nodes were gathered together to share their best practices. Third, the optimum goals to reach the maximum value contribution to K Company were also calculated.
The strengths and weaknesses of core competencies
A Radar Graph (Figure 12) gives a clear visual indication of the performance of an individual knowledge worker. The results can be used to check whether the right people are doing the right jobs. For a business unit, the Radar Graph can also display the strengths and weaknesses of the department (Figure 13) . The results provide managers with a good understanding of a unit's achievements for each expected goal. After running the KVC model, five of the three goals-financial profitability, business process improvement, and innovation encouragement-showed typical 80/20 patterns, which allowed critical nodes to be identified. On the contrary, critical nodes were not easily detected for the other two goals because unusual 80/20 patterns appeared. The employees represented by the selected critical nodes will be gathered together to share their best practices in a series of innovation communities and strategic workshops. The design of communities or workshops for the winners' chain or high performance nodes is based on Nonaka's spiral of knowledge. The objective of holding the communities and workshops is to create some innovative plans for new products, new services, or new solutions. In addition, larger rewards and higher performance will be achieved in minimum time and at lower cost by concentrating limited enterprise resources on the right team once the critical nodes have been identified.
Calculation of the OVC K Company has been using the KVC model for about three quarters, but the OVC has not been calculated because the data necessary to determine constraints is lacking. The objective function can easily be defined as long as the top manager identifies the weighting factors of these five goals. However, the greatest difficulty before running the OVC is defining the constraints.
Therefore, we developed an imaginary case for calculation and application of the OVC process. Assuming that the five goals of knowledge activities are customer satisfaction, learning and growth, financial profitability, business process improvement, and innovation encouragement, and that they are symbolized as V 1 to V 5 , the weighting factors of these goals are 4, 3, 6, 5, and 3, respectively. Every variable (goal) ranges in value from 0 to 5. The purpose of this case is to maximize business goals and to estimate the optimum parameters. The objective function "maximum value contribution", Vmax, is defined by Equation (1). Vmax = (4V 1 +3V 2 +6V 3 +5V 4 +3V 5 )/21 …… (1) Note that on the right side of Equation (1), the sum of the weighted values of the five goals is divided by 21, the sum of all five weighting factors. This will cause the value of Vmax to be between 0 and 5.
The criteria of the imaginary constraints are based on assumptions that some goals may be influenced by others. For instance, some goals must be larger than or equal to a given value because of the general manager's annual plan, or some goals should be less than or equal to another given value due to the limitation of resources. The constraints are listed in Equation (2). Many algorithms can be used to solve an optimization problem. MATLAB software or the SOLVER function of Microsoft Excel are frequently used to calculate problems that include linear or non-linear programming. The result of our imaginary case shows that the maximum goal will be 4.28, and that the corresponding combinations of each goal are: V 1 is 3.73, V 2 is 4.46, V 3 is 3.69, V 4 is 5, and V 5 is 4.81. This result means that, with a perfect score of 100, when customer satisfaction is 74.6, the index of learning and growth achieves 89.2, financial profitability reaches 73.8, improvement of the business process is nearly perfect, 100, and the innovation index is 96.2, then K Company will have a Vmax of 85.6.
The first major meaning of the OVC process reminds enterprises that once some goals have achieved optimum value, the resources originally used to achieve these goals should be shifted to support those goals not yet achieved. The second key meaning of the OVC process suggests that asking that all goals achieve perfect scores of 100 out of 100, might result in the impossibility of creating maximum enterprise value. That is, the maximum value of a single goal may be not its optimum value. In this case study, a linear objective function and linear constraints are proposed. Actually, the non-linear problem can also be determined by other optimization techniques. Although the OVC process proposed a numerical method to calculate the optimum combination of multiple goals, each numerical value calculated could be surpassed by more aggressive management and action. knowledge activities, and output values was applied to K Company in Taiwan and resulted in three key findings. First, the strengths and weaknesses of each individual employee's core competencies were examined. Second, the critical nodes (winners' nodes or high performance employees) of each goal were detected. Third, the optimum goals to reach the maximum value contribution to K Company were calculated. 3. The KVC model can be used to assess the strengths and weaknesses of the core competencies of knowledge workers. It is helpful to check whether the right people are doing the right jobs and to provide managers with good understandings of a management unit's achievements. 4. The critical value chain (CVC) identifies the critical value contribution nodes by the 80/20 rule. The selected nodes are then gathered together to share their best practices. Larger rewards and higher performance will be achieved in minimum time and at lower cost by concentrating limited resources on the right team. 5. The optimum value chain (OVC) concludes that once some goals have achieved optimum value, the resources originally used to achieve this goal should be shifted to support the other on-going goals. The OVC suggests that the maximum value of a goal may not be its optimum goal.
Conclusions
